Background/Objectives: To examine whether a relationship exists between exclusive breastfeeding duration and later vegetable consumption in 4-year-old children, independently of factors traditionally associated with children's vegetable intake. Subjects/Methods: A longitudinal study using information collected on children's food consumption patterns and behaviors from a representative sample of children born in 1998 in the province of Québec, Canada. Face-to-face interviews and self-administered questionnaires were addressed to children's mothers and fathers. From the first group of children (n ¼ 2100) included in the cohort, a subsample of 4-year-old children participated in a nutrition substudy (n ¼ 1549). Results: Children whose mothers held a university degree had odds of 8.7 (95% CI: 4.23-17.93) for consuming two or more servings of vegetables a day at 4 years of age (vs less than one serving per day) in comparison to children of mothers with no high school diploma. Likewise, children who were exclusively breastfed for 3 or more months had odds of 2.6 (95% CI: 1.34-5.02, with 3 to o4 months of exclusive breastfeeding) and 1.9 (95% CI: 1.01-3.61, with 4 or more months of exclusive breastfeeding) for consuming two or more servings of vegetables per day (vs less than one serving per day) in comparison to children who were formula-fed and/or partially breastfed (no exclusive breastfeeding). Conclusions: The findings suggest that three or more months of exclusive breastfeeding is a predictive factor for higher vegetable consumption in preschool children.
Introduction
Chronic diseases such as diabetes, cancer and cardiovascular illness are by far the primary cause of mortality in the world, representing 60% of all reported deaths (World Health Organization, 2005) . Because diets rich in fruit and vegetables have been linked to lower risks of developing such diseases (Steinmetz and Potter, 1996; Joshipura et al., 2001) , the World Health Organization and public health agencies have created dietary guidelines to promote healthy diets and lifestyles. Canada's Food Guide recommends that adults consume a minimum of 7-10 servings of fruits and vegetables daily, whereas children aged 4-8 years should consume a minimum of five servings daily (Health Canada, 2007) . Since the creation of these guidelines, studies have nonetheless reported that in many Western countries, fruit and vegetable intakes are well below recommendations for adults and children. The 2004 Canadian Community Health Survey-Nutrition revealed that 70% of 4-to 8-year-old children, and around 50% of adults, consumed less than five servings of fruit and vegetable per day (Garriguet, 2007) .
Children's food preferences are influenced by a broad range of genetic and environmental factors (Birch, 1999) . Although research has shown that breastfeeding influences infants' food acceptance (Forestell and Mennella, 2007) , only a few studies have examined how breastfeeding influences the range of foods that children accept as they grow older. This study seeks to fill this gap by examining whether exclusive breastfeeding is related to the consumption of vegetables in a population-based cohort of 4-year-old preschool children. The present study focuses on vegetables alone, rather than fruits and vegetables combined, as the acceptance of vegetables is known to be more challenging in preschool children (Forestell and Mennella, 2007) . We hypothesize that a positive relationship exists between exclusive breastfeeding duration and children's vegetable intake at 4 years of age, independently of factors traditionally associated with vegetable consumption such as child sex, mother's education, mother's immigrant status, household annual income and age of introduction to vegetables.
Materials and methods
Analyses were performed using data from the Québec Longitudinal Study of Child Development (QLSCD, 1998 (QLSCD, -2002 , conducted by Santé Québec, a division of the Institut de la Statistique du Québec in Canada. The QLSCD analyzes the role of familial and social factors on children's health, and cognitive and behavioral development (Dubois et al., 2000) . It follows a representative sample of children (n ¼ 2100) born in 1998 in the province of Québec, Canada. The sample was based on a random selection of children born in each of the 'health regions' of the province. A health region refers to a geographic unit defined by the provincial ministries of health to organize the administration of public health to Canadians. Twins and children with major diseases or handicaps at birth were excluded from the study. Children were selected from the master birth register and were first seen at 5 months (gestational age adjusted for preterm birth) and once a year thereafter. Face-to-face interviews and self-administered questionnaires addressed to children's mothers and fathers were conducted. Detailed information on infant feeding was collected at 5 months of age. Mothers were asked to indicate if their child was breastfed (including expressed breast milk) and for how long. The introduction of infant formula, other types of milk, water, juice and solid foods was also documented (Dubois et al., 2000) . At 17 months, mothers were asked again to indicate at what age their child stopped being breastfed and started receiving formula, cows' milk and lumpy foods. When responses to the two surveys were compared, a 95% agreement was found regarding the number of months mothers reported to have breastfed their infants. To minimize potential memory bias, we first used the responses to the questionnaire administered at 5 months, and those obtained at 17 months were used only to complete information whenever necessary. In accordance with the definition of breastfeeding in public health recommendations (Health Canada, 2004; World Health Organization, 2004) , in the present study, exclusive breastfeeding refers to children receiving only breast milk (no water, formula, juice, food and so on, but inclusive of vitamins, minerals or medicines). From the first group of children (n ¼ 2100) included in the QLSCD cohort, a subsample of 1549 four-year-old children participated in a nutrition substudy. This nutritional assessment recorded children's food consumption using a 24-h multiple-pass dietary recall interview administered to parents and day-care center staff by a trained nutritionist. For most day-care centers, a double sampling procedure was used whereby day-care center staff reserved sample meals. The 24-h recalls were administered evenly across all days in the week. A total of 390 interviews were realized in homes and in day-care centers. The Canadian Nutrient File (Health Canada, 2001) and the United States Department of Agriculture recipe file (USDA, 2004) were used to assess energy and macronutrient consumption, along with food servings consumed per meal for each child. Foods were grouped by category in accordance with Canada's Food Guide: vegetables and fruit, grain products, milk products, and meat and alternatives (Health Canada, 2005) . Dark green and orange vegetables, dry beans and peas, and starchy vegetables were included as vegetable servings. Potatoes, including french fries, were also included in this category as they belong to the vegetable and fruit group in Canada's Food Guide (Health Canada, 2005) .
Dietary data were managed using a validated nutrient analysis software developed by Micro Gesta (version 73, Québec, Canada) specifically for Canadian nutritional studies. To minimize intrachild variability and to ensure representativeness of usual food consumption patterns, a second 24 h recall was administered to half the sample (Liu et al., 1978; National Research Council, 1986) . All statistical analyses were conducted using adjusted data with results based on usual food consumption patterns and not solely on the single-day recall. The 24-h recall procedure is appropriate for studying energy and nutrient intake in large samples of children, and is used in nutrition surveys in several countries (Johnson et al., 1996) . Validation studies of dietary assessment methods indicate higher congruence with the use of dietary recalls than with food frequency questionnaires (Goran, 1998; McPherson et al., 2000) .
Statistical analyses, using SAS version 9.2 (SAS Institute, Cary, NC, USA), were based on individuals (n ¼ 1530) with no missing values for any of the studied variables. Given the small number of missing values (1.3%), it was assumed that missing data had a minimal effect on the results. The majority of missing values came from the variables 'mother's immigrant status' and 'mother's education'. Data were weighted by a factor based on the inverse of the selection probability, the probability of nonresponse, and the poststratification and attrition rates to ensure that the data were longitudinally representative of babies born in 1998 in the study population (Cox and Cohen, 1995 ; for more details pertaining to the study instruments and methodology, see the QLSCD website: http://www.jesuisjeserai.stat.gouv.qc.ca/ default_an.htm). Based on a literature review and prior studies by the authors (Dubois and Girard, 2003) , demographic and socioeconomic variables related to exclusive breastfeeding (no formula or partial breastfeeding (The World Health Organization (1993) definition of partial breastfeeding was used, which is: 'giving a baby some breastfeeds, and some artificial feeds, either milk or cereal, or other food'); o1 month; 1 to o2 months; 2 to o3 months; 3 to o4 months; 4 or more months) and children's vegetable intake (o1 serving per day; 1 to o2 servings; 2 or Exclusive breastfeeding and later intake of vegetables D Burnier et al more servings) at 4 years were selected to control for important covariates in the analyses. One serving equals to 125 ml (1/2 cup) of fresh, frozen or canned vegetables or 250 ml (1 cup) of raw leafy vegetables (Health Canada, 2007) . Associations between exclusive breastfeeding duration, children's vegetable intake at 4 years and child sex, mother's education (no high school diploma; high school diploma; college diploma; university degree), mother's immigrant status (immigrant or not), annual household income (o$20 000; 20 000-39 999; 40 000-59 999; 60 000 or more), and age of introduction to vegetables (0 to o15 weeks; 15 to o20 weeks, 20 or more weeks) were verified through w 2 -tests. In agreement with other studies (Cooke et al., 2004) , the variables 'age of introduction to vegetables' and 'exclusive breastfeeding' were included in a multivariate model for children's vegetable intake to determine their relative contribution and to determine which of these factors had a key role in influencing later food acceptance. The significance level was set at 5%. Table 1 presents the relationship between duration of exclusive breastfeeding, children's vegetable intake at 4 years, and various demographic and socioeconomic characteristics. Approximately 11% (10.9%) of 4-year-old children ate two or more servings of vegetables per day (mean: 1.25, range: 4.1). Approximately 15% (14.7%) of children were breastfed exclusively for 4 or more months whereas 25.6% of children were formula-fed or partially breastfed (no exclusive breastfeeding). In univariate analyses, children of mothers with a university degree, children living in high income households and those of immigrant mothers were significantly more likely to be exclusively breastfed for 4 or more months in comparison to children of mothers with a lower level of education, children living in lowerincome households and children of nonimmigrant mothers. Unsurprisingly, the age at which children were introduced to vegetables was also significantly associated with exclusive breastfeeding as, by definition, when vegetables are introduced, the mother cannot exclusively breastfeed the baby (this is the reason why we did not keep the variable 'age of introduction to vegetables' in the multivariate analysis that examined the relationship between exclusive breastfeeding and socioeconomic factors). Children of mothers with a university degree, who lived in higher-income households, who had a later introduction to vegetables, or who were breastfed exclusively for 4 or more months were more likely to consume two or more servings of vegetables per day at 4 years of age.
Results
Once other factors were considered (Table 2) , annual household income and age of introduction to vegetables were no longer associated with children's vegetable intake at 
Discussion
This study examined whether exclusive breastfeeding duration influences children's vegetable intake at 4 years of age. First, the results indicate that only 14.7% of children born in 1998 in the province of Québec (Canada) were exclusively breastfed for 4 or more months. More recent data show an improvement, indicating that a fifth of children born in Québec in 2005 were breastfed exclusively for 4 months (Haiek et al., 2006) . However, Haiek et al. (2006) reported that only 3% of children in Québec meet the World Health Organization's current nutritional recommendations of exclusive breastfeeding for the first 6 months of life (World Health Organization, 2001 ). In comparison to many developed countries, these figures are low: for instance, the prevalence of exclusive breastfeeding to 6 months of age reaches 46% in Austria and 42% in Sweden (Yngve and Sjostrom, 2001 ). However, the 2005 Infant Feeding Survey conducted in the UK showed that at 6 months, the proportion of mothers who were breastfeeding exclusively was o1% (Bolling et al., 2007) . Many studies report that the choice to breastfeed, its duration, exclusivity as well as its social representation varies according to various familial, socioeconomic or political factors (Gojard, 2000; Lutter, 2000) . As to the consumption of vegetables, the mean number of servings consumed at 4 years was 1.2 (data not presented) and only 11% of children consumed two or more servings of vegetables per day. These figures are well below the guidelines of the United States Department of Agriculture (USDA) that recommend three servings of vegetables daily for preschoolers (see the USDA MyPyramid for preschoolers. http://www.mypyramid.gov/preschoolers/ Exclusive breastfeeding and later intake of vegetables D Burnier et al index.html. Contrary to the American guideline, Canada's Food Guide does not specify a recommendation for the number of servings of vegetables to consume alone (the recommendation for children ages 4-8 years is a minimum of five servings of fruits and vegetables, combined)). In multivariate analysis, children of mothers with a university education were more likely to eat two or more servings of vegetables per day at 4 years of age. On the contrary, those with less educated mothers had lower vegetable consumption patterns in comparison to children of more educated mothers. This result is in accordance with most studies' findings of an association between low parental education and lower intake of healthy foods in children (Cooke et al., 2004; Rasmussen et al., 2006) . In a study of the diet of 1675 preschoolers aged 1.5-4.5 years, the British National Diet and Nutrition Study reported that children from families where the head of the household performed manual work or where the mother had a lower educational attainment, met the least number of nutrient recommendations (Watt et al., 2001) . Other studies conducted in Spain with children and young adults aged 2-24 years, as well as in Germany on more than 2500 two-year-old children, found similar results (Serra-Majem et al., 2002; Sausenthaler et al., 2007) . Although one may argue that less educated parents have lack of information, it can also be hypothesized that these social groups value nutritional recommendations differently than more educated individuals. Fear of a lack of food, a desire to indulge the children or other such feelings may trump adherence to nutritional recommendations that are well known, but are perceived as a moral constraint or an 'attempt to impose control over their body or their child's body' (Regnier and Masullo, 2008) . After consideration for other variables, annual household income and the age of introduction to vegetables were not related to vegetable consumption at 4 years of age. Their association with vegetable consumption at the univariate level may thus be attributed to the effects of other variables included in the multivariate analysis, such as maternal education and the duration of exclusive breastfeeding. Finally, the results indicate that o3 months of exclusive breastfeeding has no significant effect on children's vegetable intake at 4 years, except for a slight positive effect found in children who were exclusively breastfed for 1 day to o1 month in comparison to those who had no exclusive breastfeeding. On the contrary, children who were breastfed exclusively for 3 or more months had higher odds of consuming two or more servings of vegetables per day in comparison to children who were formula-fed and/or partially breastfed (no exclusive breastfeeding). This finding suggests that there may be a threshold at 3 months of exclusive breastfeeding. However, the findings do not suggest a linear association between exclusive breastfeeding duration and vegetable consumption after this possible threshold at 3 months, as the odds for consuming 2 or more servings of vegetables at 4 years decreased slightly with 4 or more months of exclusive breastfeeding, from odds of 2.6 (3 to o4 months of exclusive breastfeeding) to 1.9 (4 or more months of exclusive breastfeeding). These results are in accordance with the few studies that have shown effects of breastfeeding on later food acceptance in children past their toddler years (Galloway et al., 2003) . Children's sensitivity to bitter tastes and subsequent rejection of bitter foods, such as cruciferous vegetables (cabbage, broccoli, cauliflower and so on.), is well documented (Drewnowski, 1997) . As Mennella et al. (2001) have shown, early flavor experiences gained through breastfeeding enhance the acceptance of a wider range of foods during the weaning period and throughout childhood. It has been argued that breastfed babies, whose mothers regularly eat a variety of foods, are exposed to a diversity of flavors that are absent from formula milk and this early exposure augments the acceptance of various flavors. Another explanation argues that breastfeeding promotes parenting feeding styles that are less controlling and more responsive to infant cues, encouraging child control over the duration and amount eaten. This early infant responsibility for food intake has been associated with less food-pickiness in toddlers, even when factors such as maternal education, infant weight, length and gender are controlled for (Fisher et al., 2000) .
As in all studies, our results have their limitations and strengths. Although child gustatory preferences have also been linked to different factors such as parental consumption, parental child-feeding practices, family dinners and culture (Forestell and Mennella, 2007) , these were not included in this study. The absence of information on parental food intake is a noteworthy limitation as it has been shown that parental fruit and vegetable intake is a strong predictor of children's fruit and vegetable intake (Cooke et al., 2004) . However, given that diet quality is related to socioeconomic factors such as those measured in this study (Northstone and Emmett, 2005) , it is assumed that the lack of information on parental food intake has a minimal impact on the results. The 24-h dietary recall interview administered to parents and day-care center staff also has its limitations. Although this method is considered to be the strongest method for estimating dietary intake, it is also known to be affected by a social desirability bias; a high proportion of individuals underreport and overreport different types of foods (Black et al., 1991) . This may also be the case for parents who report the dietary intake of their children (Livingstone and Robson, 2000) . The most important strengths of this study are its large representative population-based sample and high response rate (85%), which allow for high confidence in the study results. Finally, as the age of introduction to vegetables was controlled for in the analyses, the findings emphasize the key role of exclusive breastfeeding duration, as opposed to the age of introduction to vegetables, on later food acceptance in 4-year-old children.
This study is among the very few that analyze the effects of exclusive breastfeeding duration on vegetable consumption in preschoolers (Galloway et al., 2003) . Three or more months of exclusive breastfeeding appears to be a predictive factor for higher vegetable consumption in preschool children. This is an important finding as many studies emphasize the value of fruits and vegetables as sources of fiber and vital micronutrients that protect against a wide range of illnesses in childhood and adulthood (Antova et al., 2003; Maynard et al., 2003) . Food preferences in childhood are also shown to persist into adulthood (Nicklaus et al., 2004) . Future research in this area may benefit by including further information on parental food intake.
